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Statement of the Problem

A full wave analysis is presented for an infinite phased array of

microstrip dipoles embedded within a two layer substrate structure (sub-

strate-superstrate). The materials can be dielectric or magnetic, and may

be lossy. The array elements considered include the gap excited strip

dipole and the electra'magnetically coupled strip dipole.

The Moment Method solution to the electric field integral equation

(Pocklington's) provides the resultant currents on the strips, from which

the active input impedance of the element in the infinite phased array

environment-is found. The emphasis is on the characterization of input

impedance as a function of phase scan angle. Results for several sub-

strate-superstrate structures illustrate the utility of the single and

multi-layer substrate for the enhancenent of su performance. Single

plane scanning arrays, volumetric scanning arrays, and the elimination of

scan-blindness are discussed.

Waveguide simulator measurements involving a two layer substrate were

used for verification of the method. The agreement between experiment and

theory over a significant frequency band is good.

Summnary of Most Important Results

A method has been presented for the analysis of the infinite printed

strip dipole array in a two layer microstrip substrate structure. The

complete dynamic Green's function appropriate to the two-layer substrate-

superstrate structure was used in the formulation of the method of moments

solution. In this way all the substrate effects, including the surface

wave related phenomena, have been included in the develpment and solu-

tion. The solution provides a means by which the most important perform-



ance characteristics of the finite-but-large phase-scanned microstrip

array can be studied. Attention has been focused on the characterization

of the active input impedance as a function of the equivalent scan angle.

It is seen that with the proper choice of the substrate and super-

strate material parameters (thicknesses, permittivities, and permeabili-

ties) it is possible to obtain exceptionally good wide-angle-impedance-

match characteristics. This was demonstrated numerically for both sin-

gle-plane and two-plane scanning arrays.

The computed results which were referred to above support the useful-

ness of the two layer microstrip antenna array structure. The validity of

the theory and computations has been established by comparison to measure-

ments on a waveguide simulator. The computed and measured data compared

well. The waveguide simulator modeled the infinite array of strip dipole

elements in an electrically thick two-layer substrate. The element spac-

ing was electrically small. An electrically thick substrate and an elec-

trically small element spacing are the conditions that give rise to the

strongest mutual coupling thru both space waves and surface waves. Thus,

as configured, the experiment involves both of these phenomena. The

conclusion is that the theory and the computations as developed can be

used with confidence to characterize the active input impedance of a

microstrip dipole array on a two layer substrate. Moreover, it has been

shown that the two layer structure can be used to great advantage in the

improvement of scanning performance.

Computation were also made for cases that involve a scan blindness

condition. In the two layer structure it is possible to select the pa-

rameters such as to prevent the excitation of any surface waves. When



applied to the design of an infinite microstrip array, those conditions

also lead to the elimination or avoidance of scan blindness.
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